
Optical lllusions

All drawings and paintings are representations of three

dimensional objects on two dimensional surfaces.

The artist compresses a solid object onto a flat surface

(using techniques like linear perspective and shading). ln

creating their drawing or painting some information is lost in

going from three to two dimensions.

When we look at a drawing, photograph or painting our brain

tries to reconstruct the third dimension. What we see is a

creation of our perception. ln a real sense every drawing,

photograph or painting you perceive is subjective.

How the brain perceives an object is a complex question

because the two dimensional image on the retina is so

different from the three dimensional object from whence it

came. As well, the image directly represents only a few of

the important characteristics of the object.
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We cannot always trust our eyes and brains to provide an

unambiguous perception of what it is we are looking at.

Where there is ambiguity, confusion is possible. Perceptive

confusion is the basis of optical illusions.

The first serious interest in the science of illusions grew out

of concern by 19th century scientists and astronomers that

observations made with optical instruments were being

distorted by perceptual errors.

Around the mid 19th century there was great progress being

made in optics and precision optical instrument making. By

the 1860's scientists and industralists in and around Munich

and Heidelberg were considered the European experts in

mixing and melting high quality glass.

They also were the experts in

instruments like field glasses,

telescopes.

grinding lenses and building

spectacles, microscopes and

oT-?



Scientists like the Scottish physicist Brewster and German

physicist von Helmholtz in Heidelberg studied perceptive

errors in optical instruments and in the eye.

Sir David Brewster (1781 - 1868) is best known for his work

on laws describing the critical angle in reflection (also known

as the Brewster angle) and on the polarization of light. He is

also the inventor of the kaleidoscope.

Herman von Helmholtz (1821-1894) is best known for his

work on the conservation of energy in 1847 and his

contribution to the study of the sense of perception, nerve

impulses, hydrodynamics and electricity.

ln the area of colour perception he is the co-discoverer of the

Young-Helmholtz trichromaticity theory which we discussed

in a previous class.
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lllusions arise from the information-processing mechanisms

in our visual system that under normal circumstances make

the visible world easier to comprehend.

Where there is a lack of clues regarding the proper nature of

an object, the brain entertains alternative hypotheses of what

objects the eye's image may be representing. When

sensory data are inadequate, alternative hypotheses are

entertained, and the brain never "makes up its mind."

The most puzzling optical illusions are systematic illusions or

distortions of size and shape. These illusions occur in many

simple shapes.

ln 1832 a Swiss naturalist and crystallographer Louis Albert

Necker wrote Sir David Brewster a letter that included a

description and a drawing of a transparent rhomboid that

was an optical illusion.
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ln studying the crystal structure of halide salts Necker had

noticed the perception of a transparent rhomboid reverses in

depth: sometimes one face appears in front and sometimes

the other.

Necker noted that although changes of eye fixation could

induce this change in perception, it would also occur quite

spontaneously.

This reversing rhomboid is the celebrated Necker Cube, one

of the most widely recognized optical illusions.
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Another example of simple illusions are the horizontal-

vertical illusions, which was described by Wilhelm Wundt, an

assistant to von Helmholtz in Heidelberg. Wundt is

considered the father of experimental psychology.

The illusion is that a vertical line looks longer than a

horizontal line of equal length.

Consider the two tables in this illustration.

which of the two is larger? They both have the same width

and length yet the vertically oriented table appears the

longer of the two. Research suggests that the distortion

originates in the brain and not the eye.
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Another example of an illusion which uses

horizontal lines is an illusion discovered by

which now bears his name:

vertical and or

Hering in 1861 ,

The horizontal lines appear to bend inwards as you look

towards the right and left hand sides of the illusions, yet the

horizontal Iines are parallel lines.

The perceived bending is due to the ambiguity brought on by

the lines converging towards the centre of the Hering

illusion.
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A similar illusion was conceived in 1896 by Wilhelm Wundt.

This illusion by Wundt is the converse of the Hering illusion.

The horizontal lines appear to bend outwards, yet the lines

are parallel lines.

The perceived bending is due to the ambiguity brought on by

the lines diverging from the top and bottom of the illusion.
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There are two modern illusions that build on the Hering and

Wundt illusions.

There is the box illusion

The box appears to bend outwards yet the lines are straight

and the angles at the corners of the box are all right angles.

The perceived bending is due to the ambiguity brought on by

the hyperbolic lines surrounding the box.

The box appears in the foreground and the hyperbolic

curves appear as the background and it is with reference to

the background that the brain perceives the box.
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There is also the circle illusion:

The box appears to bend inwards yet the lines are straight

and the angles at the corners of the box are all right angles.

The perceived bending is due to the ambiguity brought on by

the circular lines surrounding the box.

The box appears in the foreground and the circular lines

appear as the background and it is with reference to the

background that the brain perceives the box.
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There are illusions involving simple perspective.

Consider the illusion first proposed in 1913 by Mario Ponzo.

Which of the two horizontal lines appear longest?

The two outer lines are converging, while the two horizontal

lines appear of different lengthsi they are in fact the same

length.

Or-t I



Another illusion involving simple perspective is the Mueller-

Lyer lllusion:

Which of the two lines appears longer? They are both the

same length however it appears the angles at the end points

of the lines has an affect on how the lines are perceived.

ln terms of real objects we see this illusions
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There are other types of illusions involving perspective

including illusions known as lmpossible Figures:

The Master of the Optical lllusion and lmpossible Figure is

the Dutch graphic designer M.C. Escher.

0r-[&



A good piace to begin is the "Necker cube," a f-arns:us figure pub-
lished in 1832 by the Swiss naturalist Louis Albert Necker:


